Strain TTM-46 T , isolated from a water sample taken from the Caohu River in Taiwan, was characterized using a polyphasic taxonomy approach. Cells of TTM-46
The genus Flavobacterium (type species, Flavobacterium aquatile), first established by Bergey et al. (1923) and emended by Bernardet et al. (1996) ; Dong et al. (2013) and Kang et al. (2013) , is a member of the family Flavobacteriaceae, phylum Bacteroidetes (Ludwig et al., 2011) . Members of the genus Flavobacterium are typically Gram-staining-negative, straight or slightly curved, single rod-shaped bacteria that are non-motile or motile by gliding and form yellow colonies. Chemotaxonomically, members of the genus possess menaquinone 6 (MK-6) as the major respiratory quinone, iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 15 : 0 3-OH, iso-C 16 : 0 3-OH and iso-C 17 : 0 3-OH as the predominant fatty acids, phosphatidylethanolamine as the major polar lipid and DNA G+C contents of between 30 and 52 mol% (Bernardet et al., 1996; Bernardet & Bowman, 2006 Liu et al., 2010; Dong et al., 2013; Kang et al., 2013) .
At the time of writing, this genus comprises 152 recognized species (http://www.bacterio.net/flavobacterium.html). Members of the genus are physiologically diverse: they can be psychrophilic, psychrotolerant or mesophilic, and can be halophilic, halotolerant or sensitive to salts. Strains of members of the genus Flavobacterium have been reported from diverse habitats such as animals, plants, freshwater, seawater, sediment, soil, glacier, Antarctic lakes and wastewater treatment plants (Zhang et al., 2010; Lim et al., 2011; Sheu et al., 2011 Sheu et al., , 2013 Dong et al., 2012 Dong et al., , 2013 K€ ampfer et al., 2012; Chen et al., 2013; Glaeser et al., 2013; Joung et al., 2013; Kang et al., 2013; Kuo et al., 2013; Fujii et al., 2014; Li et al., 2014) .
During the characterization of micro-organisms from the Caohu River (GPS location: 24 04¢24 † N 120 46¢04 † E) in the vicinity of Taichung city, Taiwan, a novel bacterium, designated T , producing yellowish-green pigmented colonies, was isolated and selected for detailed taxonomic analyses. Strain T was isolated on R2A agar (BD Difco) after aerobic incubation at 30 C for 3 days, sub-cultured under the same conditions and stored at À80 C in R2A broth (BD Difco) with 20 % (v/v) glycerol or by lyophilization.
Genomic DNA was isolated using a bacterial genomic DNA purification kit (DP02-150, GeneMark Technology) and the 16S rRNA gene was sequenced and analysed as described previously by Chen et al. (2001) . Primers fD1 (5¢-AGAG TTTGATCCTGGCTCAG-3¢) and rD1 (5¢-AAGGAGGTGA TCCAGCC-3¢) were used for amplification of bacterial 16S rRNA genes by PCR (Weisburg et al., 1991; Anzai et al., 1997) . These primers correspond to nucleotide positions 8-27 and 1524-1540 of the Escherichia coli 16S rRNA gene, respectively, and can be used for amplifying a nearly fulllength 16S rRNA gene. The PCR product was purified, and direct sequencing was performed by using sequencing primers fD1, rD1, 520F and 800R (Weisburg et al., 1991; Anzai et al., 1997) with a DNA sequencer (ABI Prism 3730; Applied Biosystems). The sequenced lengths of the 16S rRNA gene was 1436 bp for strain T and this gene sequence was compared with those available from the EzTaxon-e (Kim et al., 2012) , the Ribosomal Database Project (Cole et al., 2009 ) and the GenBank database (http:// blast.ncbi.nlm.nih.gov/Blast.cgi).
Analysis of the sequence data was performed by using the software package BioEdit (Hall, 1999) and MEGA, version 5 (Tamura et al., 2011) , after multiple alignments of the data by CLUSTAL_X (Thompson et al., 1997) . The resulting multiple sequence alignment was corrected manually and gaps at the 5¢ and 3¢ ends of the alignment were omitted for further analyses. Distances (corrected according to Kimura's two-parameter model (Kimura, 1983) were calculated and clustering was performed with the neighbour-joining method (Saitou & Nei, 1987) . The maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969) trees were generated by using the treeing algorithms contained in the PHY-LIP software package (Felsenstein, 1993) . In each case bootstrap values were calculated based on 1000 resamplings.
16S rRNA gene sequence comparison showed that strain TTM-46 T formed a separate phylogenetic branch within the genus Flavobacterium in the neighbour-joining tree (Fig. 1) . The overall topologies of the maximum-likelihood and maximum-parsimony trees were similar (data not shown Cell morphology of strain TTM-46 T was observed by phasecontrast microscopy (DM 2000; Leica) and by transmission electron microscopy (H-7500; Hitachi) (Fig. S1 , available in the online Supplementary Material) using cells grown in R2A agar at 25 C for lag, exponential and stationary phases of growth. The Gram Stain Set S kit (BD Difco) and the Ryu non-staining KOH method (Powers, 1995) were used to perform the Gram reaction. Flagellar motility was tested using the hanging drop method, and the Spot Test flagella stain (BD Difco) was used for flagellum staining. Gliding motility was studied using phase-contrast microscopy as described by Bernardet et al. (2002) . The presence of a capsule was assessed using the Hiss staining method (Murray et al., 1994) . Colony morphology was observed on R2A agar by using a stereoscopic microscope (SMZ 800; Nikon). The presence of flexirubin and carotenoid types of pigments was investigated as described by Reichenbach (1992) ; Bernardet et al. (2002) and Schmidt et al. (1994) . Congo redadsorption was determined according to the method of Bernardet et al. (2002) .
The physiological characteristics of strain T and the five reference strains were examined by growing bacteria at various pH values, temperatures and NaCl concentrations. The pH range for bacterial growth was estimated by measuring the OD 600 of R2A broth cultures. The pH of the medium was adjusted prior to sterilization to pH 4.0-9.0 (at intervals of 0.5 pH units) using the following biological buffers (Breznak & Costilow, 2007) : citrate/Na 2 HPO 4 (pH 4.0-5.5); phosphate (pH 6.0-7.5); and Tris (pH 8.0-9.0).
Verification of the pH values after autoclaving revealed only minor changes. The temperature range for growth was determined in R2A broth at 4, 10, 15, 20, 25, 30, 35, 37, 40, 45 and 50 C. To investigate the tolerance to NaCl, R2A broth was prepared according to the formula of the BD Difco medium with NaCl concentration adjusted to 0-1.0 %, w/v (at intervals of 0.1 %) and 1.0-5.0 %, w/v (at intervals of 1.0 %). Growth under anaerobic conditions was determined after incubating T in the Oxoid AnaeroGen system. Growth was tested on nutrient agar (NA), full-strength trypticase soy agar (TSA), R2A agar and LB agar (all from Difco).
TTM-46
T and the five reference strains were examined for activities of catalase, oxidase, DNase, urease and lipase (corn oil) and hydrolysis of starch, casein, gelatin and Tweens 20, 40, 60 and 80 using standard approaches (Tindall et al., 2007) . Chitin hydrolysis was assessed on chitinase-detection agar (Wen et al., 2002) and visualized by the formation of clear zones around the colonies. Hydrolysis of carboxymethylcellulose (CM-cellulose) was tested as described by Bowman (2000) using R2A agar as the basal medium.
Additional biochemical tests were performed using API ZYM and API 20NE kits (bioM erieux) and carbon source T and other species of the genus Flavobacterium. Numbers at nodes are bootstrap percentages (>70 %) based on the neighbour-joining (above nodes) and maximum-parsimony (below nodes) tree-making algorithms. Filled circles indicate branches of the tree that were also recovered using the maximum-likelihood and maximum-parsimony tree-making algorithms. Open circles indicate that the corresponding nodes were also recovered in the tree generated with the maximumparsimony algorithm. Sphingobacterium mizutaii DSM 11724 T was used as an outgroup. Bar, 0.01 substitutions per nucleotide position.
utilization was evaluated using the GN2 MicroPlate (Biolog). All commercial phenotypic tests were performed according to the manufacturers' recommendations.
Sensitivity of strain TTM-46
T and the five reference strains to antibiotics was tested by the disc-diffusion method after spreading cell suspensions (0.5 McFarland standard) on R2A agar plates. The discs (Oxoid) contained the following antibiotics: ampicillin (10 µg), chloramphenicol (30 µg), gentamicin (10 µg), kanamycin (30 µg), nalidixic acid (30µg), novobiocin (30 µg), penicillin G (10 U), rifampicin (5µg), streptomycin (10 µg), sulfamethoxazole (23.75 µg), trimethoprim (1.25 µg) and tetracycline (30 µg). The diameter of the antibiotic discs was 8 mm.
The effect of antibiotics on cell growth was assessed after 3 days at 25 C. A strain was considered susceptible when the diameter of the inhibition zone was >13 mm, intermediate at 10-12 mm and resistant at <10 mm as described by Nokhal & Schlegel (1983) . Detailed results from the phenotypic and biochemical analyses of strain T are provided in Tables 1 and S1 T were analyzed using cells grown on R2A agar at 25 C for 3 days.
The physiological age of the different bacterial cultures at the time of harvest was standardized by choice of sector from a quadrant streak on the R2A agar plates according to the MIDI protocol. In this study, the different species of the genus Flavobacterium exhibited very similar growth rates on R2A agar. Fatty acid methyl esters were prepared and separated according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0), analyzed by GC (model5890 Series II, Hewlett-Packard) and identified by using the RTSBA6.00 database of the microbial identification system (Sasser, 1990) .
The predominant cellular fatty acids of strain TTM-46 T were iso-C 15 : 0 (25.3 %), summed feature 9 [iso-C 17 : 1 !9c and/or 10-methyl C 16 : 0 (17.3 %)], iso-C 17 : 0 3-OH (14.9 %), iso-C 15 : 1 G (8.8 %), iso-C 15 : 0 3-OH (7.3 %) and summed feature 3 [C 16 : 1 !6c and/or C 16 : 1 !7c; (6.5 %)]. The complete fatty acid composition is shown in Table 2 . Strain TTM-46 T and the five closest relatives had iso-C 15 : 0 , iso-C 15 : 1 G and iso-C 17 : 0 3-OH as the predominant cellular fatty acids. Furthermore, the fatty acid profile of strain TTM-46 T differed markedly from those of the other five reference strains by higher amounts of summed feature 9 and by lower amounts of anteiso-C 15 : 0.
The isoprenoid quinones of strain TTM-46
T were extracted and purified according to the method of Collins (1994) and analyzed by HPLC with a Spherisorb ODS column using methanol/1-chlorobutane (100 : 10, v/v) as mobile phase (1.5 ml min
À1
). The only respiratory quinone was menaquinone 6 (MK-6); this quinone is the major or only one in all members of the family Flavobacteriaceae (Bernardet et al., 2002) .
Genomic DNA of strain TTM-46
T was isolated using a bacterial genomic DNA purification kit (DP02-150, GeneMark Technology). The DNA G+C content as determined by HPLC according to the protocol of Mesbah et al. (1989) , was 39±1 mol%, a value within the range reported for strains of members of the genus Flavobacterium (Bernardet & Bowman, 2006 Liu et al., 2010) .
The polar lipids of TTM-46
T were extracted and analyzed by two-dimensional TLC according to the methods of Embley & Wait (1994) . Chromatography was carried out using chloroform-methanol-water (65 : 25 : 3.8, v/v) in the first direction, followed by chloroform-methanol-acetic acidwater (40 : 7.5 : 6 : 1.8, v/v) in the second. 10 % ethanolic molybdophosphoric acid was used for the detection of the total polar lipids, ninhydrin for amino lipids, Zinzadze reagent for phospholipids and a-naphthol reagent for glycolipids. T exhibited a complex polar lipid profile consisting of phosphatidylethanolamine (PE), four uncharacterized aminophospholipids (APL1-APL4) and five uncharacterized phospholipids (PL1-PL5) (Fig. S2 ).
TTM-46
T contained PE as the predominant polar lipid; the possession of PE as the common major polar lipid is consistent with previous descriptions of species of the genus Flavobacterium (Sheu et al., 2011; Dong et al., 2013; Kang et al., 2013; Sheu et al., 2013; Chen et al., 2016) . Furthermore, T differed from the other type strains of species of the genus Flavobacterium in the presence and proportions of some minor uncharacterized polar lipids; F. brevivitae TTM-43 T contained two uncharacterized aminophospholipids and six uncharacterized phospholipids as minor polar lipids (Chen et al., 2016) and F. terrae DSM 18829 T had four uncharacterized aminophospholipids and four uncharacterized phospholipids as minor polar lipids .
Polyamines were extracted from TTM-46
T and analysis was carried out as described by Busse & Auling (1988) and Busse et al. (1997) . Cells were cultivated in R2-PYE broth (l À1 : 0.75 g peptone from casein, 0.75 g yeast extract, 0.3 g K 2 HPO 4 , 0.024 g MgSO 4 , pH 7.2) at 30 C for 3 days, homogenized in 0.2 M perchloric acid (HClO 4 ) and centrifuged. Polyamines in the resultant supernatant were treated with dansyl chloride solution (7.5 µg ml À1 in acetone), and analyzed by HPLC on a D-7000 high-speed liquid chromatograph (Hitachi) and UV-VIS detector L-7420 (Hitachi). T contained homospermidine (HSPD, 68.8 %) as the major polyamine, putrescine (PUT, 16.3 %), spermidine (SPD, 11.5 %) and cadaverine (CAD, 3.4 %) as minor components. HSPD was the major polyamine of strain T , consistent with all other species of the genus Flavobacterium for which polyamine composition has been analyzed (Bernardet et al., 1996; Bernardet & Bowman, 2011 (Table S1 ).
On the basis of phylogenetic inference, TTM-46 T occupies a distinct position within the genus Flavobacterium that is supported by a unique combination of chemotaxonomic and biochemical characteristics. Hence, T represents a novel member of the genus Flavobacterium for which the name Flavobacterium verecundum sp. nov. is proposed.
Description of Flavobacterium verecundum sp. nov.
Flavobacterium verecundum (ve.re.cun¢dum. L. neut. adj. verecundum, shy or unobtrusive, free from extravagance, alluding to the lack of obvious biochemical characteristics of the species).
Cells are Gram-staining-negative, strictly aerobic, rodshaped and surrounded by a thick capsule. No flagella are detected. Gliding motility is observed. After 48 h of incubation on R2A agar at 30 C, the mean cell size is 0.2-0.6 mm in diameter and 1.2-4.0 µm in length. Colonies on R2A Table 1 . Differential characteristics of Flavobacterium verecundum TTM-46 T and phylogenetically closely related species of the genus Flavobacterium All data from this study except the G+C content of Flavobacterium brevivitae TTM-43
T (Chen et al., 2016) , Flavobacterium terrae DSM 18829 T (Weon et al., 2007) , Flavobacterium terrigena DSM 17934 T (Yoon et al., 2007) , Flavobacterium macrobrachii an-8 T (Sheu et al., 2011) and Flavobacterium aquatile DSM 1132 T (Berthe et al., 1996) . +, positive reaction; À, negative reaction; W, weakly positive reaction. All strains are Gramstaining-negative, positive for oxidase, catalase, alkaline phosphatase, C8 esterase lipase, leucine arylamidase, valine arylamidase, and hydrolysis of casein. All strains are negative for nitrate reduction, indole production, D-glucose acidification, and arginine dihydrolase, C14 lipase, a-galactosi- 10-37 (20-30) pH range for growth (optimum) 6-8 (7) 5-9 (6) 7-8.5 (7.5-8) 6-8 (6.5-7) 7-8 (8) 6.5-8 ( With the API ZYM kit, alkaline phosphatase, C4 esterase, C8 esterase lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphophydrolase and a-glucosidase activities are present, but C14 lipase, a-galactosidase, bgalactosidase, b-glucuronidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase activities Table 2 . Cellular fatty acid composition of Flavobacterium verecundum TTM-46 T and phylogenetically closely related species of the genus Flavobacterium All data are from this study. Strains were grown on R2A agar at 25 C for 3 days. Data are expressed as percentages of the total fatty acids. Only fatty acids representing more than 1.0 % of the total fatty acids of at least one of the strains are shown. TR, traces (less than 1.0 % of total); À, not detected. For unsaturated fatty acids, the position of the double bond is located by counting from the methyl (!) end of the carbon chain. cis isomer is indicated by the suffix c. *Summed features are groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete effective chain lengths (ECLs) as well as those where the ECLs are not reported separately. Summed feature 3 was listed as C 16 : 1 !6c and/or C 16 : 1 !7c and summed feature 9 as iso-C 17 : 1 !9c and/or 10-methyl C 16 : 0 .
Fatty acid
are absent. The following compounds are utilized as sole carbon sources in the GN2 microplate: glycogen, pyruvic acid methyl ester, succinic acid monomethyl-ester, acetic acid, aketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, DL-lactic acid, succinic acid, L-asparagine, L-aspartic acid, L-glutamic acid, glycyl L-aspartic acid, glycyl L-glutamic acid, L-ornithine, L-proline, L-threonine, uridine and thymidine. All other substrates in the GN2 microplate are not utilized.
Resistant to sulfamethoxazole plus trimethoprim and sensitive to ampicillin, chloramphenicol, gentamicin, kanamycin, nalidixic acid, novobiocin, penicillin G, rifampicin, streptomycin and tetracycline. The major fatty acids (>5 % of the total fatty acids) are iso-C 15 : 0 summed feature 9 (iso-C 17 : 1 !9c and/or 10-methyl C 16 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 1 G, iso-C 15 : 0 3-OH and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c). The only respiratory quinone is MK-6. The polar lipid profile consists of PE, four uncharacterized aminophospholipids and five uncharacterized phospholipids. Homospermidine is the major polyamine, and putrescine and spermidine are minor components.
The type strain is TTM-46 T (=BCRC 80914 T =LMG 29005 T =KCTC 42745 T ) isolated from the water of the Caohu River in the vicinity of Taichung city, Taiwan. The DNA G+C content of the type strain is 39 mol%.
